(l9)1ft*filWBf**l*H 
(43) 

2005 ^10 ^ 20 H (20.10.2005) 





PCT 



(10) 

WO 2005/098250 Al 



(51) H^^I^F^^I 7 : 

H02K 5/167, 7/08, G11B 19/20 



(21) mmthm^i 

(22) mmthMBi 



(25) mmmmomt^ 



(26) SRR^MOWS: 



F16C 17/04, 



PCT/JP2005/004772 



(72) 9B0]*; j3J:tX 

(75) SBM/BIA f*llfZOLNTCD^;: 3m 
(HAYASHI, Tatsuya) [JP/JP]; =r5110811HM!S:^£Tfi 



H 30 6 6 N T N#fcjt^*±F*g Mie 



2005 ^3 ^ 17 H (17.03.2005) 



(30) ffiSfclf T 1 — £: 
*#IM2004- 100032 
♦#112004-149583 



2004 ^3 ^ 30 B (30.03.2004) JP 
2004 ^5 ^ 19 B (19.05.2004) JP 



(7i) amx(mm^m<±x(Di^miz-Di\x)i ntn» 

itzstt (NTN CORPORATION) [JP/JP]; T 5500003 ^ 
IKJ^^IKmeiE^fflTflffi 1 TS3f 1 7 Osaka (JP). 



(JP). Jlhll (KAWASE, Tatsuo) [JP/JP]; T 51 10811 

Elii* rfi^?IS?I^ BB 3 0 6 6 NTNft 
jE^*±ft Mie (JP). ffl >tSl (KUSUNOKI, Kiyotaka) 
[JP/JP]; =r 5110811 Hlii«rfi*?IS?i^ 
69 3 06 6 N TN**5fc#*±ft Mie (JP). SkM 
(SHIBAHARA, Katsuo) [JP/JP]; T 5 1108 11 Elii 
^m^^m^^S^BB 3 O 6 6 NTNii£§art 
Mie (JP). "fi"^ S3 (KOMORI, Isao) [JP/JP]; T 51 10811 
Elii^^^^I^^I^H 3 0 6 6 NTN** 
x£^*±ft Mie (JP). 

(74) ftIA: Jll , H(EHARA, Syogo et al.); T 

5500002 *[5EJfr*KmMIE?IpJi 1 TS1 5f2 6* 

ST JH Osaka (JP). 



(54) Title: DYNAMIC PRESSURE BEARING DEVICE 



(54) §ZBM(D%fo: |||j£HSSX 



^3 



IT) 

ON 



IT) 



o 




(57) Abstract: A dynamic pressure bearing device enabling the 
increase of the wear resistance of a thrust bearing part, wherein a 
shaft member (2) is rotatably supported in the thrust direction by 
generating a pressure by the dynamic pressure action of a lubri- 
cating oil in the clearance (C) of a thrust bearing between a thrust 
bearing surface (11a) with a dynamic pressure groove and a smooth 
thrust receiving surface (lib). The thrust receiving surface (lib) 
is formed in a flat surface, a tilted surface (17) is formed on the 
thrust bearing surface (11a), and a reduction part (15) formed by 
decreasing the axial width thereof toward the outer diameter side 
thereof is formed in the clearance (C) of the thrust bearing. 



(57) 3Mft: * 

^X hfflg® 1 
CDX^X h$fi§ 

^X hS(tS 1 

i 1 a \zmnm 



Wits X^X htt£ffi0>it**E1££ffl± 

1 a &X^X hgftS 1 1 b t<DK 

RRffl C \z m »tt (D«P Jiff ffl-C JE * 

x^x h^r&i-eiEi(ES4fc3Ei*-r*o x 

1 7^i^tt. x^x h«SRsracfc, 



C P 



tain 2bl 



WO 2005/098250 Al 11 111 II II 111 11 Hill III I II III lllllllllllllllllllllllll llll lllllll llllllll llll 



(8i) s^HcajscD&i^iRy, ±x (Drnmomfomntf 

plt^J: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, 
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, 
LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NI, 
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, 
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, 
UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) tisn ^^(d^i^psu . ±x<Dmm<Dfc®&m 

7b<pli£): ARIPO (BW, GH, GM, KE, LS, MW, MZ, NA, 
SD, SL, SZ, TZ, UG, ZM, ZW), J.-7V7 (AM, AZ, 



BY, KG, KZ, MD, RU, TJ, TM), 3 — □ V /i (AT, BE, 
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, 
IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), 
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, 
MR, NE, SN, TD, TG). 



WO 2005/098250 1 PCT/JP2005/004772 

m m m 

[oooi] *mmu, ibjEE«iss«^M*rso ^(om^mmn, mmmm, m^^hdd, f 

r>^(Dm%f-i^^W, CD-ROM, DVD-ROMf©)tfV^^St, MD, M 

ofo^itfV^^St^^w^tVK/^-^, u—*F V— J*7V^$ (LBP) (Dtf 
X%-MX&Z> 0 

[0002] _hlB#fl^-^^tt N SJ[UiffeM»ftlk rftiS'fb {£=^Mb {fill^to^^ 
[0003] ^(DW]J±t^^m<D— MtVX, #M2002-61641^^fcfi, flft©^^^ 

[0005] r©l©iJ±ififcii, ^:»ii«]-^ihH#^0$5#J(D^^H^fM 



WO 2005/098250 



2 



PCT/JP2005/004772 



[0008] 



[0009] 



[0007] _h|E @ #l<Dm$L<DtJto , HHte#JgB#£, 



5& 



[0010] ^fc, _hfE g m<Dmj$(DKLZb, *iB^I^^>5»J±ttSitil, tt§B*3j;-0«77 



WO 2005/098250 



3 



PCT/JP2005/004772 



[0012] mmi^ $$\n<Dftmffi%mj&-rz>ft$$\nt, ^m^^mi^m^rit^m^ 

m&mmxMmzti&^tfctst&c tot, y^^UfD^mt^mx^mfD 
[0013] u-t<Dmj&izte\^xfe, mi±^(Di&rm^mn^fc^, imm^^mu^ 
[0014] sx-k^m^tcWj^^mWik, m^mnm^^unf-^—^^^^yhk, 
i^v^i^tt^b, mmw&m<D^~?k\^xmmt£t>(Dkts:z>o 
mM-rz>^ktfx%z>(DX\ W}&i&&mn<DWifK&fa±.&mz>zk&X'%z 0 

[ooi6] mi]*mMfcfrfr&mf±^^mn%i&m^frxt°>'}*y^— ^(DWf^mxh^ 
m2]±.mm)±m^mm^mmmxh^ 0 



WO 2005/098250 



4 



PCT/JP2005/004772 



[0017] uT,*mm(DmMj&n^\,^xwtm-rz>o 

[0018] Elltt, »jEEtt^^ei^*a5&A/^#«Sffl^t p >'bV^— ?(D— «LT, HD 

^■(D^ji^a^^v^^^^^v^^DS:— %cizfrnmwti®:i&w~rz> 0 ?*?y-y 

[0019] 02^iifSftJ±ISSS»l»— M^-Tc ^©ftffttfgllii, $^#2^^ 



WO 2005/098250 5 PCT/JP2005/004772 

[0020] j^t, ^<Dmj±m^mmi(DM,mm^m-r^o 

[0021] m2t^i-£?fc > ^mMi^MK^^W}j±^^mw:m. — na$7a^r 

[0022] s^w-yin^ nftft<ow&7*tmM7ct&ffi%.ttmnfo mzte&£tiz> e r 

h-Cfll^atSo ^W^v^byV-b7c^jIiJ§|57b(DTMP?i HlH5^g!*F-ffiA*fc^ 
3 0 /^^>^7(DjK£R7c«fiiJ^7b£— f*^LT^J:V\ y>^v J ^7(DjIJ^7b*3j: 

[0023] #fP#2«, Mx.fS> ; e<D^#:^^^^iB(SUS420J2)^(D^We^^ 
tK #gB2a£, ^2a(DT«^##J^?S t 9ffibfc:-79^v ? ^2b^§r— frfcXfctS'J 
f$^i-5^cD-Cfc§ 0 :77^gB2b<E>T$ft®2bl{i, ^^h^V— t*7c£>_hjffi®7 
clW$f|*JU ^>v ?: f|$2b(D_h^ffi2b2^ ttgxy— ^8©T#£®8c£*f[R]LTl^ 
6 0 ^^^v ? ^2b^T^®2blfeit/iiM2b2fL 

lb, 1 3btvxmm-r &o 

[0024] ^MMMWJ^^^X, JX^hTV— h7c<£>_L$ffiffi7cl£>5"^ y9>i^M2b(DT 
^®2bl^(D^f[^§^^T#J(D^^h$iSf|5TlcD^^h$4S®lla^5o 

[0025] #^y-^8«, m^l«#?lk#, ?ft (X 



WO 2005/098250 6 PCT/JP2005/004772 

[0026] *^W^^^V>T, W^y— :/8<£>T$f&ffi8c{3\ _h#J(D^^M[l3S§PT2(D^ 
[0027] 02^-r£5^ /^#10f^^O^(Z)-e, /^v^^ 7 ^ P^7a(DF*ljl 

[0028] #g|3W2(D|fif|32a^|S^y— ^8(7)rtJl®8a^#A$n, 79^v ? f|32b«ffi^: 
6o $fi^2a(D^w^2alf^— 7^^10(DrtJlBl0atBff^|liW^bT^ 

l*JU mtcj;t9, ^'>v ; ^7^^^[P](^IEl-i?±^^)^[n]^^oT 

iff^C&A-rS^-^^^CD^— /^WS^S^$tL5 0 WW2«[UfeB#, «2a 
(D^w^®2altt, V^^S^^v— ^^LTtm^-r^o /^fP^10-C^$t 
£;frfc^vV^7cDt^^ (W^^W8(Drt§|5cD^?L^^tp) ^ttflrf ffi^it 

[0029] Kl^WitiD^tft, ^e— ^(DHI^^f6§|3#2^tlI^{|lJ§|3#i^i9, /n^7 



WO 2005/098250 



7 



PCT/JP2005/004772 



[0030] Ibffiltfg^cPSr^r^S^^Mft^Blla, 13att, ^_b^^fcJ;5^^b7V 
ffiffi2bl, 2b2c£>fiT;ft^— *7^f^^^^^i-Sr^-C#5 0 ££>#£\ 

[0031] ^K-t?^, 04^-fJ;5^s T{KJ^7^hlft^gPT1^7^h*ft^l^rac^, 
i£-r§ffi#4®17^^^^^J; 1 9^-r^^^^-e#?) 0 *9*btt£®lla©IbJE 

[0032] rw<t5^9^W^BSWC^/h^i5S:^-rSii:^«t«9, «&'hffBi5<z>*fl> 



WO 2005/098250 



8 



PCT/JP2005/004772 



[0033] tf>t°>-?m£l(D^£fe^7Xh 



[0034] 



[0035] 



3C 



X\ 



&UTix<Dmn%:&tim~rZ)^b&x%z> 0 

[0036] £^5^^, ^^httl^f^^ El 



WO 2005/098250 



9 



PCT/JP2005/004772 



[oo38] £i_t<D$}%k%mMir%tctb, ^mm&ttm^^^x, 8&mf&mfeM&<Dm 
[0039] mtfaft&n&T<DXW&&2}\z.?T<>fto 

Jiasheng Zhu and Kyosuke Ono, 1999, "A Comparison Study on the Performance of 
Four Types of oil Lubricated Hydrodynamic Thrust Bearings for Hard Disk 
Spindles," 

Transactions of the ASME, Vol.l21,JANUARY 1999, pp. 114-120 

[0040] 0^§|3R^W 6. 5g 

^^btt^gB^SDo 6. 5mm 
^^b^^fPrt^Di 2. 5mm 

?#«k 16 

l^la 30deg 
£lt#lt 7 l 

rlrfffifei* 77 5. 97mPa-S 

[0041] ^_bco^#^s<sn^ff»^Sf07^-r o m^^m^^mmm. 



WO 2005/098250 



10 



PCT/JP2005/004772 



m 4 33 «fc TJ 5 El 5 fc^-f ® 1 7 CD ft ^hSri? -f 0 
[0042] EI^Oj;5^li/h^l5^-r§^0^p B BA^, t£^a515'^i-5itKfpB{CJt 

(D^h.t^T(Dit (h/r) #*0. 0lSr^x.S^MMMIHfejSS^*b<_h#-r5 
d^CTJ^Ufc 0 t^oT, h/rcDjgteO. 01 ( 6 ^0. 6° )£TF, H^lXteO. 005 ( 

0 ^0. 3° mT£1-3o#y;v\ 

[0043] 08i:, *mm<Dm<DmMj&M%^~r 0 ^(omtusMm-v^ ^mte&mmt&m 

-ej^J^^tlTV^c PEEK, PPS, LCP, 9T~t4v>-m%:m^^b& 

^smxm, &mKi&vxzftb^~xffimfctf7xwm, *-#>ii, ^wt^j 

^VHIi-CfeoT, ¥^l*t^ s l — 12^m, ^^fH^i^^iOO— 500/xmcDtCD 

[0044] &mw-vMj&£titcfWto%!>2ib, mmwxmf&£nfcmm223o£i?-77>^ 
feiAm, ^m^2i<D±^xn, \Hmu22tm^-\^—^mm^ht^i^n^ 

§15 2 b £ P3 Jl ^ IRJ RJf I <D [U] a fcfg; 5 (7) b V \ 

[0045] y^mmiZ^^Xl^ m8iZ.&jzLX7F-f£.0^ ^^v J ^CD2bcDTiffiffi2bl^, 



WO 2005/098250 



11 



PCT/JP2005/004772 



[0046] W4ffii7o^^-fe«^-efc»9, TO^w»x-eft|#4ffii7^^i-5ffi, 

[0047] #te#|£ife^j!8©«fc5^ ttgP2a©tt^gP^WIISrBBb, rtL^7^^v ? gP2b(D 

it-r^m^m^^^i^ Ts®2bi<ai*mftij-c*#c ^mm^ti^i>^< 

^{fflJ;«9t^:#v^^(c#fetb5o tot, m^M<^J;5^tt^2acD^g:^fco 

TW^©rt#§|322^J^-f-6m, F f 3llllSP22SrttSP2a©T'taamiS3ebT^-t- 

[0048] 08(Dfe^lH-e^, ^^^> ? §|52bcDT^ffi2bl(D^f^fb|i4Bl7 < J;bfc^^^M 
^bTV^^^fg#4ffil7(^V^<^ltjJi^M^C^7^h#^l^^^ffi^6^ 

LTV ^5 



WO 2005/098250 



12 



PCT/JP2005/004772 



[0049] mt, m8« N 77>i?m2b(DT)$m2bi^im$mi7m&tffcm&&m^isX\<^ 

[0050] ^mmfe, Sl±\£j&'<fZ, yv^^2b(DTW^m2blt^^^7(Dm^7ct 

[0051] ^fc^^HteSffilla, 13a^7^h^tt®llb, 3b^^^-T5lijff?#IH^P 
[0052] ?i?T /VW&tWRl , R2£LT, »iJEE?ftSr^ri-5«iJEEttSS:ffiffi Lfc^Sr 



WO 2005/098250 



13 



PCT/JP2005/004772 



[1] 



[2] 



[3] 



tmxh^$mmmm^mj±.m^mm 0 



[4] 



[5] 



[6] 



[7] 



WO 2005/098250 



14 



PCT/JP2005/004772 



[8] m^mi-7(D{^ti^Kmm^fcWif±m§:mw:t, m^mnm^muntcu— 



WO 2005/098250 



1/4 



PCT/JP2005/004772 



HI 



V 



A 



/ / ' 



2a 2 , q 
7 10 \ I J / / 



D 



\ \ \ \ \ \ \ \ \ \ \: 



\ 



1/ 



/ 



^ ^.a s,„:a .\ l:;a;i3 



A 



2b 7c 6 4 5 



M2] 



8b — 



Ri- 



8c (13a) 




Ti 7ci(lla) 2bi(llb) 7c 



[03] 



7c 



WO 2005/098250 

[04] 



2/4 



PCT/JP2005/004772 




WO 2005/098250 



PCT/JP2005/004772 




WO 2005/098250 PCT/JP2005/004772 

4/4 



[139] 



INTERNATIONAL SEARCH REPORT 


International application No. 

PCT/JP2 0 05/0 04 7 72 


A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 F16C17/04, H02K5/167, H02K7/08, G11B19/20 




According to International Patent Classification (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


ivj.iij_iniuij.il tjnj^/ luiLciiuiiiuii seal ^iit'U v w i c i .r> r> l iiv^ciiiv'ii o v otC'iii iuiiu wcu L/ y \~icioo±i±v^cii±v^u oy jjjuvjjo j 

Int. CI 7 F16C17/04, H02K5/167, H02K7/08, G11B19/20 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Koho 1996-2005 
Kbkai Jitsuyo Shinan Koho 1971-2005 Toroku Jitsuyo Shinan Koho 1994-2005 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


JP 2001-32828 A (Seiko Instruments Inc.) 
06 February, 2001 (06.02.01), 
Par. No. [0013]; Fig. 1 
(Family: none) 




1,2,6,8 


Y 


JP 2-186117 A (Hitachi, Ltd.), 
20 July, 1990 (20.07.90), 

Page 6, lower left column, line 18 to lower 
right column, line 8; Figs. 1, 2 
(Family: none) 


1,2,6,8 


Y 


JP 2-278007 A (NSK Ltd.), 
14 November, 1990 (14.11.90), 
Full text 
(Family: none) 






1,2,6,8 


1 x | Further documents are listed in the continuation of Box C. 


I | See patent family annex. 




* Special categories of cited documents: 

"A" document defining the general state of the art which is not considered 
to be of particular relevance 

"E" earlier application or patent but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other means 

"P" document published prior to the international filing date but later than the 
priority date claimed 


"T" later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 


Date of the actual completion of the international search 
27 April, 2005 (27.04.05) 


Date of mailing of the international search report 
17 May, 2005 (17.05.05) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (January 2004) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2 0 05/0 04 7 72 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP 10-269691 A (Sony Corp.), 
09 October, 1998 (09.10.98), 
Figs . 1 to 3 
(Family: none) 

JP 2001-254727 A (Koyo Seiko Co 

21 September, 2001 (21.09.01), 

Figs. 6, 7 

& US 2001/22870 Al 

Figs. 6, 7 



3,4,7 



Ltd. ) , 



3,4,7 



JP 2001-221232 A (NOK Corp. 
17 August, 2001 (17.08.01), 
Full text 
(Family: none) 



) , 



3,4,7 



P,X 



JP 2004-324684 A 
18 November, 2 004 
Par. Nos . [0 0 0 9] , 
Figs. 3, 6, 7 
(Family: none) 



(Koyo Seiko Co., Ltd.), 
(18 . 11 . 04) , 

[0011] , [0017] to [0020] 



1,2 



A 



A 



JP 7-332353 A (NSK Ltd.), 
22 December, 1995 (22.12.95), 
Full text 
(Family: none) 

JP 2002-339957 A (Sankyo Seiki Mfg 
27 November, 2002 (27.11.02), 
Full text 

& US 2002/172438 Al 
Full text 



Co . , Ltd . ) , 



Form PCT/ISA/210 (continuation of second sheet) (January 2004) 



m 



a. m&(om-rz>frm<nfrM mm&mtm. (ipo ) 

IntCl. 7 F16C17/04, H02K5/167, H02K7/08, G11B19/20 



B 



\&ttoitm/kmgm (mmm&m (ipo ) 

IntCl. 7 F16C17/04, H02K5/167, H02K7/08, G11B19/20 



b ^msmmmm- 



192 2-1 9 9 6f 
197 1 — 200 5*F 
199 6 — 200 5^ 
199 4 — 200 



c. 



y — * 



Y 



JP 2001-32828 A ("M -f y^W >^$:5£# 
%h) 2001. 02. 06, WtW [0013], % 1 EI 

JP 2-186117 A ($c5£#£L 0 ttWfeW 

1990. 07. 20, MG^— S^TWIfcl Sff-^TW^Sff, 

I2g (77^ y — J&U 



1, 2, 6, 8 



1, 2, 6, 8 



F cfli©**%K:tS:ittisyii^6SixTv^s. 



* sijfzscitJw^^y — 

TEJ H^W«Btu<^ttili«*7cf4#fFT'fo5^> H^ttJMB 

5 AS* (liMt) 
roj PH^J;5|B^ teJB. mmm^WR-i- Z>3cWl 



rxj w»c:Bll5g©fcss:itt-e*>o-r, m&3cffi<DZ?.x-mm 

TYJ WtcPSwfcS^T'fcoT. a»ffifci:m©l^ 

r&j P3— v h- 7 r 5 y — Ttsfc 



:£r^T bfc B 



27. 0 4. 2005 



.05.200 



B*H#fF/T (ISA/JP) 
SMM#^1 0 0-8 9 1 5 



03—3581—1101 



3 J 



9 8 2 3 



3 3 2 8 



SPCT/ISA/2 10 (12^) (20 04^1^) 



PCT/J P2005/O 0 4 7 7 2 



C (*fe$) . 



# =f y — * 



PX 



A 



A 



JP 2 — 27800 7 A ( 0 ^ftl^fcS^tfc) 
1990. 1 1. 14, (7 r 5 y — & U 

JP 10-2696 91 A (y ^— $c5%£rt±) 
1998. 10. 09, Hi — 3 El (77^^ 



JP 2001-25 4727 A (7te#ffX$a£^r|±) 
2 0 0 1. 0 9. 2 1, f 6 0, f7i 
& US 2001/22870 A 1 , H 6 E 



7 0 



JP 2001-22 1232 A (^^^"— ^^-$c5£^tf±) 
2001. 08. 17, ^fc (77^!)^U 

JP 2004-32 46 84 A (3£#*tX$c5£#*±) 

2004. 11. IS, [00 09], [0011], [0017] 

- [0020], I3i, m&m, 170 (7 7 5 11-41) 



JP 7-33235 3 A (0 *Sl^^|±) 
1995. 12. 22, 



JP 2002-33 9957 A (t^5£#%hH mm 
2002. 11. 2 7 , 
& US 2002X172438 A 1 , 



mm) 



1,2,6,8 



3, 4,7 



3,4, 7 



3, 4, 7 



1,2 



SPCT/ISA/210 2^-^©^^) (2 0 0 4^1^) 



